A male excess in Sardinian type 1 diabetic cases has previously been reported and was largely restricted to those patients carrying the HLA-DR3/nonDR4 genotype. In the present study, we have measured the maleto-female (M:F) ratio in a sample set of 542 newly collected, early-onset type 1 diabetic Sardinian patients. This data not only confirm the excess of male type 1 diabetic patients overall (M:F ratio ‫؍‬ 1.3, P ‫؍‬ 3.9 ؋ 10 ؊3 ) but also that the bias in male incidence is largely confined to patients with the DR3/nonDR4 genotype (M:F ratio ‫؍‬ 1.6, P ‫؍‬ 2.0 ؋ 10 ؊4 ). These sex effects could be due to a role for allelic variation of the Y chromosome in the susceptibility to type 1 diabetes, but to date this chromosome has not been evaluated in type 1 diabetes. We, therefore, established the frequencies of the various chromosome Y lineages and haplotypes in 325 Sardinian male patients, which included 180 cases with the DR3/nonDR4 genotype, and 366 Sardinian male control subjects. Our results do not support a significant involvement of the Y chromosome in DR3/nonDR4 type 1 diabetic cases nor in early-onset type 1 diabetes as a whole. Other explanations, such as X chromosomelinked inheritance, are thus required for the male bias in incidence in type 1 diabetes in Sardinia. Diabetes 51: [3573][3574][3575][3576] 2002 
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T ype 1 diabetes is the only common autoimmune trait that does not exhibit a strong female excess in the patients. A male excess has been reported in specific subgroups of type 1 diabetic patients, defined by the population of origin, the age of onset of the disease, and the genotypes at the major disease locus, HLA/IDDM1. In early-onset type 1 diabetes, with a diagnosis under the age of 15 years, an increased male-tofemale (M:F) ratio was observed in the patients from the high type 1 diabetes risk population of Sardinia (M:F ratio ϭ 1.5) (1). To a lesser extent, the bias is also observed in other high incidence European populations (1) . It has been reported that in Sardinia the male excess is largely restricted to those patients carrying the DR3/ nonDR4 genotype at the major disease locus, IDDM1. No significant sex effects were observed in the DR4/nonDR3, DR3/4, and nonDR3/nonDR4 categories (2) . A male bias is consistently observed in patients diagnosed between the ages of 15 and 40 years from across Europe, but this appears to be independent of HLA type (3) . Overall, these observations are consistent with an involvement of the sex chromosomes in type 1 diabetes. Suggestive evidence of linkage of type 1 diabetes to chromosome Xp22-p11 has been reported in families with DR3/nonDR4-affected sibpairs (2). Nevertheless, it is possible that chromosome Y might account, at least in part, for the above described sex effects in type 1 diabetes. Moreover, some nonallelic homologues of genes located on chromosome X are contained in the nonrecombinant portion of chromosome Y (NRY). For instance, chromosome Y encodes a minor histocompatibility antigen (UTY) homologue of (UTX) (4), which is located in the chromosome X interval (Xp22-p11) that showed linkage to type 1 diabetes (2). Despite these observations, chromosome Y is the only portion of the human genome that has never been scanned for its involvement in type 1 diabetes. Exclusion mapping of the Y chromosome for disease association can be carried out by using a relatively low number of markers by virtue of the absence of crossing-over in the NRY. In the present report, we have tested the possibility that the Y chromosome is responsible for the high M:F ratio using a large male case-control sample set from Sardinia.
We have first determined the M:F ratio bias in a sample set of 542 Sardinian patients, diagnosed under age 15 years, analyzed for the first time in the present study ( Table 1 ). The analysis of these newly reported cases provides a clear confirmation that in Sardinian early-onset patients there is a male excess (M:F ratio ϭ 1.3, one-tailed P ϭ 3.9 ϫ 10
Ϫ3
) and that the bias in male incidence is almost exclusively restricted to patients with the DR3/ nonDR4 genotype (M:F ratio ϭ 1.6, one-tailed P ϭ 2.0 ϫ 10 Ϫ4 ) ( Table 1 ). In particular in this new collection of cases, we found significant heterogeneity, evaluated using a 2 ϫ 2 contingency table and tested by a 2 test, in the M:F ratios between the DR3/nonDR4 and DR4/nonDR3 genotypes (P ϭ 3.3 ϫ 10 Ϫ3 ). These results are similar to those we reported previously in an independent sample set of 325 Sardinian type 1 diabetic subjects (2). We also analyzed the M:F ratio in 471, fully HLA-typed, unaffected siblings of type 1 diabetic patients. We observed an overall M:F ratio of 0.9 with a similar value also in the DR3/ nonDR4 category (98 males and 109 females, M:F ratio ϭ 0.9). Thus, there was significant heterogeneity in the M:F ratios in the DR3/nonDR4 category between the affected patients and their unaffected siblings (P ϭ 1.1 ϫ 10 Ϫ4 ). Owing to the strong male excess in patients and the high frequency of HLA-DR3, Sardinia offers a special opportunity to assess if the Y chromosome is involved in the inheritance of type 1 diabetes. We, therefore, evaluated the association of the Y chromosome with type 1 diabetes by using a male case-control sample set from Sardinia of 325 unrelated early-onset male and 366 unrelated male control subjects. The main chromosome Y lineages and haplotypes were established (see RESEARCH DESIGN AND METHODS) and their frequencies contrasted in patients and control subjects ( Table 2 ). The haplotypes shown in Table 2 define 97.3% of the chromosome Y variability present in the general Sardinian population, while the remaining variation is accounted for by a combination of very rare lineages and haplotypes (D.C., F.C., unpublished results). There is no significant association of any chromosome Y marker with type 1 diabetes in this dataset. The Eu10/Eu12 was under-represented in the patients when compared with the control subjects (P ϭ 2.8 ϫ 10 Ϫ2 ), but the difference was no longer significant at the 5% level after correction for number of haplotypes compared (n ϭ 8) (Table 2 ). Importantly, we did not observe any significant difference in the frequencies of the various chromosome Y markers also when the data were stratified according to the genotypes at the HLA-DRB1 and -DQB1 loci, including the DR3/nonDR4 subgroup ( Table 2 and data not shown). The power to detect gene effects with an odds ratio Ն2.5 was Ͼ95% at P ϭ 5 ϫ 10 Ϫ3 for all the chromosome Y haplotypes with the exception of Eu7, for which we had 87.9% power to detect such a gene effect (Table 2 ). For such a gene effect, even considering the sample size of 180 patients carrying the DR3/nonDR4 genotype, we obtain power Ͼ95% for all the chromosome Y haplotypes with the exception of Eu10/12 and Eu7, for which we had 86 and OR and 95% CI have been calculated by comparing the frequencies of the various haplotypes in the total patients (N ϭ 325) and control subjects (N ϭ 366). *Statistical power has been computed as the probability to detect a gene effect with an OR ϭ 2.5 at a P value ϭ 5 ϫ 10
considering the individual frequencies in the general population of the various haplotypes. In computing the statistical power we considered both the sample size of 325 patients not stratified by the HLA genotypes and the sample size of 180 patients carrying the DR3/nonDR4 genotype. †Only haplotypes with a frequency of Ͼ2% in patients or control subjects are shown in this table. ‡Individuals positive for M89 and negative for M170, M172, M201, and M9.
67.4% power, respectively, to detect association at P ϭ 5 ϫ 10 Ϫ3 (Table 2) . Finally, we evaluated 11 father-affected son-pairs. We reasoned that even if the Y chromosome was contributing to a small portion of the inheritance of type 1 diabetes, these families were most likely to contain a diseaseassociated variant. However, we found that these fatherson pairs carried four different chromosome Y lineages: Eu4 (three pairs), Eu8 (six pairs), Eu9 (one pair), and Eu18 (one pair), the distribution of which did not significantly differ from that observed in the general population. These results contrast with the existence of Sardinian founder mutations involved in monogenic disorders such as Thalassemia (5), Wilson disease (6), and APECED (autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy) (7) and do not support a founder Sardinian chromosome Y polymorphism contributing to the inheritance of type 1 diabetes in these families. Overall, from our data we can conclude that variation at the NRY is unlikely to contribute in a significant way to the inheritance of type 1 diabetes.
Other explanations are, therefore, required to explain the sex effects observed in this common multifactorial disease. A role for chromosome X is suggested by evidence of linkage of type 1 diabetes to Xp22.11 detected in affected sib-pair families from the U.K. and the U.S. (2, 8) and, more recently, in families largely of Scandinavian descent (9) . However, the explanation for the sex effects observed in type 1 diabetes could be very complex, because the M:F ratio varies in different countries; in general, with more females affected in countries with lower incidence (10) . Either the allele frequency of the putative chromosome X causal variant(s) differs among these distinct populations or the population frequencies of interacting loci at other chromosome locations vary (for example, DR3/nonDR4 genotype frequencies show marked differences across distinct ethnic groups). Additionally but not exclusively, interacting environmental factors may vary in prevalence among countries and influence the penetrance of the putative chromosome X variant in the etiology of type 1 diabetes.
Finally, we excluded the possibility that the male excess in type 1 diabetes that we observed in Sardinian children is due to variation in the levels of the sex hormones during puberty. The initial stages of sexual maturity begin after 9 years of age in over 97% of boys (11) while the age of onset of type 1 diabetes in the Sardinian patients averages Ͻ8 years (REASEARCH DESIGN AND METHODS). However, since some of our cases wereϾ9 years of age at diagnosis (but Ͻ15 years), we also determined the M:F ratio in only those cases who were Յ8 years at disease onset (n ϭ 446, including cases from our first study). In these patients the male bias was even more pronounced, with 265 males and 181 females overall (M:F ratio ϭ 1.5), and 155 males and 77 females in the DR3/nonDR4 category (M:F ratio ϭ 2). The results presented here provide further justification for the identification of genes on chromosome X that contribute to type 1 diabetes inheritance.
RESEARCH DESIGN AND METHODS
Sample selection. The total number of type 1 diabetes cases studied from Sardinia was 867, of which 325 were studied previously (2) and 542 were new and unrelated to the previous cases. The average age of the patients at disease onset was 7.8 years, SD Ϯ3.8 years (minimum 0.5 maximun 14); 87.1% of the patients were from the province of Cagliari, 4.2% were from the province of Sassari, 4.3% were from the province of Nuoro, and 4.3% were from the province of Oristano. The involvement of chromosome Y has been examined in a sample set consisting of 325 unrelated male type 1 diabetic patients (selected from the total sample set of 867 patients) and 366 unrelated male control subjects. The average age of onset of these male patients was 7.9 years, SD Ϯ3.9 years (minimum 0.5, maximum 14). The 366 Sardinian control samples were collected from 155 healthy adult male blood donors and 211 newborns that were referred to our center for neonatal screening programs.
To restrict the analysis to individuals whose descent was from Sardinia, the surnames of both the patients and control subjects were considered by using the software gens (www.gens.labo.net). The DNA from the type 1 diabetic patients and the blood donors was prepared from peripheral blood and purified by using a standard salting-out procedure. The DNA from the newborn samples was extracted from dried blood spots of the Guthrie Cards by using the Chelex method (Chelex 100; Bio-Rad, Hercules, CA) (12) . Genotyping and statistical analysis of the data. The HLA class II typing has been performed as previously described (13) . The M:F distribution and M:F ratios were examined in the patients carrying the four main HLA genotype/categories (DR3/nonDR4, DR3/DR4, DR4/nonDR3, and nonDR3/ nonDR4) as well as in the patients unstratified by HLA genotype. The P values were one-tailed based on our prior observations (2) and computed using a 2 ϫ 1 contingency table versus a null hypothesis of equal distribution of males and females in each category (Table 1) .
Male samples of 325 type 1 diabetic patients and 366 control subjects were then typed for nine chromosome Y diallelic polymorphisms and one Alu insertion (Yap) located in the NRY selected for their European-specific distribution sample (14) . We used a step-wise genotyping approach based on the relative frequencies of the various chromosome Y markers obtained from a previous analysis on a smaller Sardinian sample (14) . Since phylogenetically assessed, these polymorphisms were classified by Underhill et al. (15) in order of descent and called M1, M9, M26, M35, M89, M170, M172, M173, and M201. M1 (YAP) was typed by using the method of Hammer and Horai (16) . M9 and M35, were typed by restriction fragment-length polymorphism using HinfI and BrsI, respectively (15); the M89 and M170 single-nucleotide polymorphisms with an amplification refractory mutation system PCR (17) . Dot Blot analysis was used for M26 and M173. M201 and M172 were typed by using the transgenomic system for denaturing high-performance liquid chromatography analysis (18) . Primers and probes used in this study are shown in Table 3 .
The distribution of the patient and control lineages and haplotypes, determined with a gene counting procedure, was then arranged in a 2 ϫ 2 contingency table and tested by Fisher's exact or Pearson's 2 test and the ORs were computed. The statistical power of our sample set has been computed considering the individual frequencies in the general population of the various lineages and haplotypes based on standard epidemiological measures applied to 2 ϫ 2 contingency tables. We based our power calculations on a gene effect with OR ϭ 2.5, a value comparable to the OR observed for the class I VNTR allele at INS/IDDM2 on chromosome 11p15.
